Resumen.-En el suroeste del Golfo de California se presentan capturas de peces de importancia comercial; sin embargo hay pocos estudios relacionados con la diversidad taxonómica de los peces en el área. Se determinaron los cambios en la diversidad taxonómica de la comunidad de peces en 8 localidades cercanas a Bahía de La Paz durante el periodo marzo 2002-abril 2003. Se analizaron los cambios estacionales en la diversidad de peces de arrecife rocoso considerando la distancia taxonómica entre especies de peces utilizando la diversidad alfa, promedio alfa, beta y gama, así como la distintividad taxonómica (TD D*), y el índice promedio de distintividad taxonómica (AvTD D+). Se realizaron censos visuales submarinos en 48 transectos, de 100 × 5 m (500 m 2 ) a 5 m de profundidad, en el horario diurno de 09:00 to 16:00 h. Se observaron 2 temporadas climáticas; una estación fría con una temperatura de 22,57°C, y una temporada cálida con temperatura promedio de 27,09°C. Se contabilizaron 24.633 peces de 92 especies y 67 géneros. De acuerdo con los resultados del promedio de los índices de diversidad de alfa, beta y gama, agosto fue el mes con mayor diversidad (19,5, 40,5 y 60 especies, respectivamente), mientras que diciembre tuvo la menor diversidad (20,6, 27,4 y 48 especies, respectivamente). En los análisis espaciales del TD y AvTD no se presentaron diferencias significativas, mientras que en el análisis estacional de los índices, se presentaron diferencias significativas. Estas diferencias en ambos índices podrían ser debido a que la localidad El Guano tiene mayor impacto de actividades humanas.
INTRODUCTION
Fish are the most species-rich group among vertebrates in Mexico. According to Thomson et al. (2000) , in the Gulf of California a total of 822 fish species have been recorded, 92 of which are endemic, representing approximately 75.5% of the 1,088 coastal fish species known for the eastern tropical Pacific (Robertson & Allen 2002 ).
There are no previous studies that consider the taxonomic diversity of rocky reef fish of the coastal zone of Bahía de La Paz, despite the bay's importance for fisheries, eco-tourism, and mining. The bay is also frequently used by many ships entering and leaving the city and port of La Paz. In some studies on fish community structure, species richness or species diversity ( diversity) has been used as a parameter (Magurran 1988 (Magurran , 2004 . However, this taxonomic richness underestimates true real taxonomic richness (Griffiths 1997) .
Species diversity or richness is hard to relate to productivity or to disturbances in ecosystems because the relationship between productivity and diversity is controversial (Grace 1999 , Mackey & Currie 2001 , Mittelbach et al. 2001 . For this reason, community richness has not been used as an indicator of disturbance in applied ecology (Drobner et al. 1998) . The classical diversity indices, such as the Shannon index, associated with Pielou's equity index or Simpson's index, have been used in ecology to measure environmental impacts on ecosystems (Coleman et al. 1997 , Pires et al. 2000 . Some authors have criticized these indices, as they fail to discriminate among communities or detect changes in the community (Cairns & Pratt 1993 , Gray 2000 , Lydy et al. 2000 , Barjau-González et al. 2012a .
To determine the taxonomic diversity of the rocky reef fish community along the coast of the bay, variation in taxonomic diversity was based on taxonomic distance among species, using the taxonomic distinctness index (TD *) and average taxonomic distinctness index (AvTD +).
MATERIALS AND METHODS

STUDY AREA
Bahía de La Paz is on the southeastern side of the Baja California Peninsula. It has an elliptical shape, with its main axis running north-northwest to south-southeast. It is limited on the west and south by land, and on the north and east by the Gulf of California and by the Isla Espíritu Santo and Isla Partida (Álvarez-Arellano et al. 1997) . The bay is about 90 km long by 60 km wide, encompassing 4,500 km 2 . There are 2 entrances that connect the bay with the Gulf of California: Boca Grande to the northeast and Boca Chica or San Lorenzo Channel to the east. At the southeastern edge of Boca Grande are Los Islotes, and to the northwest is Punta Mechudo, on the peninsula, where there is a hydrodynamic difference with the San José Channel (Jiménez-Illescas et al. 1997) . Sampling locations ( Sampling trips were carried out in April, June, August, October, and December 2002, and March 2003, at 8 locations along the peninsular shore of the bay. A total of 48 visual surveys were carried out to determine taxonomic diversity of fish. Six surveys were carried out per location by free diving along 100 × 5 m belt transects (Rodríguez-Romero et al. 2005 , BarjauGonzález 2012 , Barjau-González et al. 2012a . Sampling was carried out between 09:00 h and 16:00 h. Geographic coordinates of sampling sites were recorded using GPS. Species, frequency of occurrence, and number of organisms were recorded on acrylic sheets using graphite pencils.
At each location, temperature (± 0.1°C) and water oxygen content (± 0.1 mg L -1 ) were measured (model 55, YSI, Yellow Springs, OH). Salinity (±1 psu) was measured with a refractometer. These variables were recorded after each survey. For the alpha, beta, and gamma diversity indices, data of presence/absence were used. For taxonomic diversity, the indices of taxonomic distinctness index (TD) and average taxonomic distinctness index (AvTD) were used (Clarke & Warwick 2001) . For TD and total abundance, the data were standardized (Clarke & Warwick 2001) . For AvTD, presence/ absence data were used.
Species affinity was measured through a similarity analysis using the Bray-Curtis similarity coefficient (SIMPER: Clarke & Warwick 2001). Software for the analyses was Primer6, PrimerE, and Permanova+ 1.0.2 and STATISTICA 8.0. The following taxonomic diversity analysis methods were used: -Alpha diversity: Also known as local or point diversity. The number of species at each location was used.
-Average alpha diversity: Average of all alpha diversities by location and month.
-Beta diversity: Measures the differences (turnover) between species at 2 locations, 2 community types, or two landscapes; the Whittaker (1972) index was used.
-= -, where: = beta diversity, = gamma diversity,  = alpha average.
-Gamma diversity: Number of species at all sites or communities that make up a landscape. In the last 2 indices, each hierarchical taxonomic level is assigned a discrete and proportional value in a scale from 0 to 100. These indices are independent of sample size and do not need data normality. To calculate these indices, 6 hierarchical levels were used: species, genus, family, order, class, and phylum.
RESULTS
We made 48 visual surveys every 2 months to 8 locations (Fig.  1 ). Surveys were carried out at a depth of about 5 m. Water temperature was the most variable condition, based on currents and winter during April, March, and June (~23°C) and currents and summer during August, October, and December (~27°C). December was included in the summer season because its mean temperature was significantly higher than the winter mean ( Fig.  2 and Table 1 ). Salinity and dissolved oxygen were not significantly different by location (P > 0.05), but there were differences by season (P < 0.05) ( Table 1) . There were 24,663 fish recorded, belonging to 92 species, 67 genera, and 40 families. The families with the most species were: Pomacentridae (8), Labridae (7), Haemulidae (6), Serranidae (6), Scaridae (5), Lutjanidae (4), and Tetraodentidae (4).
The alpha diversity index was not significant by location (F (7.40) = 1.594, P= 0.1653) or month (F (5.42) = 0.5572, P= 0.7320). The average by location was 19 species; the highest was at San Juan de la Costa (20 species) and the lowest was at Las Pacas (14 species). The most species by month was March (21 species) and the least was October (18 species). In general, this index indicates that there was no defined pattern. During summer, only December was above the general average (21 species), and during winter, March had more species. April and June were below average (Table 1) .
Beta and gamma diversity had the highest counts in August (41 and 60 species) and the lowest in December (27 and 48 species), which indicates that in August there was a higher percentage of species turnover (ß) than in December (Fig. 3) .
The TD calculated from total abundance data had statistically significant differences (F (5.42) = 5.845, P = 0.0003). The average was s= 53.68, the highest count was recorded in June (s= 56.69), and the lowest in October (s = 51.88) ( Table 1) . Analysis by location did was not significant different (F (7.40) = 0.5197, P= 0.8142). The highest count was at Las Pacas (s = 55.83), and the lowest count was at Punta Mechudo (s= 53.68) ( Table 1) .
The AvTD had statistically significant differences (F (5.42) = 3.7193, P = 0.0071), and a general average of s= 55.80. The (Table 1 ). There were no statistically significant differences among locations (F (7.40) = 1.5675, P = 0.1733). The highest count was at Las Pacas (s= 59.29) and the lowest count was at El Guano (s= 53.58) ( Table 1 ). Figure 4 shows the most contrasting values recorded for AvTD and species number. Las Pacas and Portugués were at the upper limit of 95% confidence interval of the tunnel. Tarabillas is placed slightly above the tunnel average. Cobre, Mechudo, Piedra Bola, and San Juan de la Costa are located slighted below the same average. El Guano is located very close to the lower limit line of the 95% confidence interval. Figure 5 shows lambda values contrasted with species number. Las Pacas and Portugués are located at the upper limit of the confidence interval. Mechudo, Tarabillas, and Piedra Bola are located slightly above the average. San Juan de la Costa is slightly below the average; El Guano is located on the lower line of the 95% confidence interval. 
DISCUSSION
The southwestern part of the Gulf of California has high commercial importance because this ecosystem has species richness of ecological, commercial, and touristic importance. The fish species on the hard substrata of the coast included 92 fish conspicuous and permanent species, as well as seasonal species. Of the 281 reef fish species in the Gulf of California (Thomson et al. 2000) , about 33% were observed in the study area.
In other areas of the Gulf of California, such as Islas San José, Cerralvo, and Espíritu Santo, as well as the eastern coast of the bay, water temperature, as well as the diversity of the surrounding fauna and flora on the reef substrate, contribute to increased fish abundance and diversity. This structural character is present in other tropical and subtropical ecosystems of the southern Gulf of California (Jiménez-Gutiérrez 1999 , Rodríguez-Romero et al. 2005 , Barjau-González et al. 2012a . Water temperature, habitat type, and areas for feeding, breeding, and protection in rocky reefs increase abundance, concentration, and species richness of fish species (Pérez-España et al. 1996 , Galván-Piña et al. 2003 , Dominici-Arosamena & Wolff 2006 , Alvarez-Filip et al. 2011 , Barjau-González et al. 2012a ).
Structural changes in species richness between seasons is tied to water temperature, type of substrate, and surrounding flora (Rodríguez-Romero et al. 1998 Galván-Magaña et al. 2000 , Barjau-González et al. 2012a . Studies of community structure of conspicuous reef fish in several ecosystems of the southern Gulf of California, mainly within bays, surrounding islands, estuaries, and reef areas include Pérez España et al. (1996) The Shannon Index of species richness and Pielou's equity Index were used in those studies; for the bay, there are no previous studies that used the alpha, beta, and gamma diversity indices, as well as taxonomic distinctness indices, as components of species richness.
The alpha diversity index did not indicate any statistical differences between the highest count at San Juan de la Costa and the lowest count at Las Pacas. The alpha diversity index reflects ecological relations (Halffter & Moreno 2005) and would allow inferring why this variation occurs among locations. The coastal zone of the bay is subtropical with temperate influence and changing conditions related to summer and winter that, to some extent, influence the dynamics of communities and taxonomic diversity (Barjau-González et al. 2012b) . Beta diversity is a measure of the turnover in species between 2 points when counts are taken in different places at the same time or when counts are taken in the same place but at different seasons (Halffter & Moreno 2005) . There was greater species turnover at Portugués and lower turnover at Las Pacas and Cobre. These results are similar to Whittaker (1975) who refers to species as taxonomic entities and not to species numbers. Cornell & Lawton (1992) suggest that beta diversity is a link between alpha and gamma diversities. Our results agree with Koleff & Gaston (2002) who measured spatial turnover (beta diversity) in terms of species changes, which is also presented in our study by testing the influence between beta diversity, and alpha and gamma diversities.
The gamma diversity or regional species component is a consequence of historic-geographic processes that act on a mesoscale, which is influenced by alpha and beta diversities. This is the level where human actions, such as change and fragmentation of communities, have their most important effect, in terms of species permanence or extinction. These effects are exaggerated or misinterpreted by the analysis of species richness (Halffter & Moreno 2005) .
Most species (48%) in this area show affinity with the Panama Province, which suggests that they share a similar environment and biogeographic conditions. This agrees with Halffter & Moreno (2005) .
The AvTD ( +) showed statistical differences among months (P < 0.05); the highest count was recorded in June, which shows that average taxonomic distances among species were not taxonomically close. Reyes-Bonilla & Alvarez- Filip (2008) , in another study of the Cabo Pulmo reef, using 9 years of data, did not find differences among years (F= 1.7, P= 0.09). These studies differ from our present study because of the range of years and comparisons among years, as well as water depth and periodicity of observations. In our study, this index was used to compare locations, and did not show statistical differences. El Guano, at the lower limit of the confidence interval, also had the lowest count. This can be explained because the location has been disturbed by overfishing, and mining of phosphate rock in the vicinity. This resembles Sosa-López et al. (2005) who studied the Laguna de Términos in the State of Campeche. Variations in the taxonomic structure of the lagoon were based fishing activity, contaminants, and changes in hydrological conditions. Taxonomically close species use similar habitats and resources. Warwick & Clarke (2001) find that AvTD can discriminate among habitats with low distinctness values and AvTD counts are closely associated with trophic levels. Variations in AvTD among locations result from having a few trophic levels. Saldívar-Lucio (2010) found long-term changes of reef fish species at Cabo Pulmo and similar AvTD counts as those in our study.
The spatial analysis of the TD indicated no statistically significant differences in the bay, but again, El Guano was at the lower limit of the confidence interval, which indicates that this location has been altered. The remaining locations were close to the average, and two locations were on the upper limit of the confidence interval, indicating that these two locations are well conserved. This agrees with the position of Sosa-López et al. (2005) who argues that high TD values indicate higher conservation values. The Bahía de La Paz, in general, has these characteristics, with high average values above 50 units, indicating that the bay is a relatively healthy ecosystem ecologically, taxonomically, and biologically.
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